Abstract Clinical provocative tests of the neck, which position the neck and arm inorder to aggravate or relieve arm symptoms, are commonly used in clinical practice in patients with a suspected cervical radiculopathy. Their diagnostic accuracy, however, has never been examined in a systematic review. A comprehensive search was conducted in order to identify all possible studies fulfilling the inclusion criteria. A study was included if: (1) any provocative test of the neck for diagnosing cervical radiculopathy was identified; (2) any reference standard was used; (3) sensitivity and specificity were reported or could be (re-)calculated; and, (4) the publication was a full report. Two reviewers independently selected studies, and assessed methodological quality. Only six studies met the inclusion criteria, which evaluated five provocative tests. In general, Spurling's test demonstrated low to moderate sensitivity and high specificity, as did traction/neck distraction, and Valsalva's maneuver. The upper limb tension test (ULTT) demonstrated high sensitivity and low specificity, while the shoulder abduction test demonstrated low to moderate sensitivity and moderate to high specificity. Common methodological flaws included lack of an optimal reference standard, disease progression bias, spectrum bias, and review bias. Limitations include few primary studies, substantial heterogeneity, and numerous methodological flaws among the studies; therefore, a meta-analysis was not conducted. This review suggests that, when consistent with the history and other physical findings, a positive Spurling's, traction/neck distraction, and Valsalva's might be indicative of a cervical radiculopathy, while a negative ULTT might be used to rule it out. However, the lack of evidence precludes any firm conclusions regarding their diagnostic value, especially when used in primary care. More high quality studies are necessary in order to resolve this issue.
Introduction
Cervical radiculopathy is a substantial cause of disability and morbidity [7] , and is a common condition, affecting both sexes after middle age [31] . Cervical radiculopathy refers to those subjects with signs and symptoms related to dysfunction of the spinal nerve root(s) of the neck [43] . The diagnostic criteria are, however, unclear [7, 43] . Some suggest that cervical radiculopathy is a diagnosis based upon clinical impression [5, 9, 23, 57] , which should be confirmed by advanced testing, such as diagnostic imaging [12, 15, 34, 50] , or electrophysiology studies [22, 27, 40] . However, clinical and radiological diagnoses, and electrophysiological testing all have inherent limitations [59] .
On the one hand, electrodiagnostic (EDX) testing might appear to be the most suitable reference standard. A recent, comprehensive review determined that needle EMG has a sensitivity of 50-71% for subjects with neurological or radiological signs of a cervical radiculopathy, although the lack of a standardized gold standard may have resulted in an underestimation of this figure [7, 8] . On the other hand, asymptomatic radiological abnormalities are commonly seen with advanced imaging studies [17, 20, 26, 37, 58] . It is well accepted that the diagnostic accuracy of specialized imaging is limited, especially with regards to foraminal nerve root impingement [11, 15, 38] . Unlike EDX testing, imaging cannot distinguish compressive from non-compressive etiologies, such as inflammation. Consequently, nerve root pain can be present in the absence of visible compression [45] .
Diagnostic accuracy for neuropathies or radiculopathies might, therefore, be improved when the results of needle EMG are combined with imaging studies and clinical findings [14, 30, 39, 45, 52, 53] . Therefore, for the purpose of this paper, we propose that the optimal reference standard for cervical radiculopathy be based upon both (a) electromyographic evidence of acute denervation in cervical paraspinal muscles and/or in a myotome; and (b) demonstrate abnormalities on advanced imaging studies, such as myelography, CTmyelography, or MRI, which also correspond to the site of signs and symptoms consistent with cervical radiculopathy [43] .
Advanced diagnostic testing, however, can be expensive, and in the case of nerve conduction studies, may be intrusive or painful. Clearly, there is a need for a cost-effective, accurate and non-invasive manner for the primary care provider to confirm his diagnostic impression, and to determine whether the patient can be adequately treated in the primary care setting.
To that end, various clinical provocative tests have been proposed which purport to be diagnostic of cervical radiculopathy [4, 42, 46, 59, 62, 63] . Examples of these tests include, but are not limited to the upper limb tension test [ULTT] (formerly called the brachial plexus tension test, or test of Elvey) [3, 24, 32, 42, 44, 49, 63] , the shoulder abduction test (also known as the shoulder abduction relief sign) [21, 25] , and Spurling's test (also known as the foraminal compression test, neck compression test, or quadrant test) [36, 54, 59, 60] . These tests are not meant to supplant the neurological examination, nor to ignore those subjects with clear neurological deficits. Clinically, these tests are most valuable when the neurological exam is inconclusive, yet the subject has symptoms consistent with a radiculopathy. Therefore, these tests might not only help to confirm the diagnosis when the presenting clinical picture and examination is unclear, but may also help to establish a prognosis, and assist in triage when the clinician is unsure which therapy may be prescribed, or whether the patient should be referred for further diagnostic testing. In order to assess the diagnostic accuracy of these tests, we conducted a systematic review.
Materials and methods
We first searched various orthopaedic textbooks in order to identify all provocative tests suggestive of cervical radiculopathy [1-3, 13, 16] . In addition to the afore-mentioned tests, we identified the following specific-named tests: axial compression test, distraction test, shoulder depression test, and Valsalva's manoeuvre/test.
Study identification
Subsequently, we conducted a comprehensive search in the following databases: MEDLINE, EMBASE, CI-NAHL, Medion, OSTMED, and the database of reviews of effectiveness (DARE), in order to identify relevant studies. The electronic search was conducted in June 2005, and developed in collaboration with an experienced librarian (Ingrid I. Riphagen). We chose not to use a filter, such as that outlined by Bachmann et al. [10] , because an earlier preliminary search had suggested that there were few studies in this area, and we did not want to miss any publications. Therefore, we elected for a rather broad search (Appendix 1).
No restrictions were applied to year of publication or language. All titles and abstracts were examined that met our search terms and full publications were reviewed, when necessary. Additionally, the reference sections of all primary studies were inspected. Finally, authors of the primary studies were contacted. Four of the six authors responded, although this did not yield any additional studies.
Study selection
Two reviewers (SMR, JJMP), independently, screened the titles and abstracts of the citations identified in the electronic searches using the following criteria. A study was included if: (1) any provocative test of the neck for diagnosing cervical radiculopathy was identified; (2) the diagnostic test was compared to any reference standard, such as, electromyography (EMG), plain film, or advanced imaging (e.g., MRI, CT, myelography); (3) sensitivity and specificity were reported or a 2 · 2 contingency table could be (re-)constructed; and (4) the publication was a full report. Case series and case reports, as well as animal, surgical, and cadaveric studies were excluded because these studies cannot evaluate diagnostic accuracy for subjects with neck and radiating pain. Justifications for excluding studies were also noted and discrepancies were resolved by a third reviewer (HCWdeV), where necessary.
Assessment of methodological quality
The methodological quality of all studies was evaluated by QUADAS, which is a tested tool (Table 1 ; Appendix 2 contains an operationalization of the items) [65] . These items cover the most significant forms of bias in diagnostic research, such as, spectrum bias, disease progression bias, verification bias, review bias, and the potential bias associated with subject withdrawal, as well as aspects of external validity. Two items were dropped concerning partial verification bias and incorporation bias because it was felt that they would not be relevant items in this study.
Pilot study
In order to improve agreement between the two reviewers, the aforementioned assessment tool was piloted using a few studies which have examined the diagnostic accuracy of Lasegue's test for diagnosing herniated discs of the low-back [6, 29, 33] .
Scoring
Two reviewers (SMR, JJMP), each blind to the others assessment, scored the criteria items: ''positive'' or ''negative'' when studies satisfied or failed to meet the criteria, respectively, and ''unclear'' when an item was inadequately described. The reviewers then met to discuss differences in coding during a consensus meeting. Agreement between reviewers was quantified by an unweighted Cohen's kappa (k) and we classified the categories positive, unclear, and negative as ordinal categories. The program from the website: http:// www.faculty.vassar.edu/lowry/kappa.html was used. Disagreement was also calculated and expressed as a percentage (the number of disagreed upon criteria/the total number of criteria).
Data extraction
The same two reviewers performed data extraction independently, using a pre-determined, self-developed data extraction form. The following data were extracted: author, year of publication, country where the study was performed, characteristics of the study population, the test(s) examined, and results.
Data analysis
Sensitivities and specificities were extracted, where possible. In two studies [21, 62] , it was necessary to recalculate these figures using the raw numbers presented. Diagnostic odds-ratio's (DOR's) were not calculated because of the recent suggestion that a DOR does not meaningfully describe a marker's ability to classify subjects [41] . A meta-analysis was also not Table 1 Methodological criteria used to assess the quality of studies investigating diagnostic accuracy for subjects with cervical radiculopathy Item 1. Was the spectrum of subjects used in the study, representative of the patients who will receive the index test in clinical practice? 2. Were the in-and exclusion criteria of the subjects clearly described? 3. Was the reference standard used likely to correctly classify the target condition (i.e. radiculopathy)? 4. Was the time between the application of the reference standard and index test short enough to be reasonably sure that the disease status of the target condition did not change between administration of the two tests? 5. Did all patients receive the same reference standard, regardless of the index test results? 6. Was the execution of the index test described in sufficient detail to permit replication of the test? 7. Was the execution of the reference standard described in sufficient detail to permit its replication? 8. Were the index test results interpreted without knowledge of the results of the reference standard? 9. Were the reference standard results interpreted without knowledge of the results of the index test? 10. Were the same clinical data available when the index test results were interpreted as would be available when the index test is applied in clinical practice?
conducted because too few studies were identified for individual tests, and there was too much clinical heterogeneity among these studies. Instead, we chose to provide a qualitative descriptive analysis.
Results

Data synthesis
The first database that was consulted (Embase.com), which includes MEDLINE, identified 366 potentially relevant articles. We excluded 354 studies on the basis of their titles and abstracts. We then retrieved and reviewed 12 full reports for possible inclusion [4, 19, 21, 35, 42, 48, 51, 55, 59, 60, 62, 63] . Four studies were excluded because they examined either reliability or repeatability of the test, but not diagnostic accuracy [4, 19, 35, 48] . Two studies were excluded because the tests were used to evaluate clinical conditions other than radiculopathy [55, 60] . This resulted in six studies which fulfilled our inclusion criteria [21, 42, 51, 59, 62, 63] , all of which were found in MEDLINE. Subsequently, we searched PubMed and CINAHL for additional relevant articles, which resulted in 218 and 66 additional references, respectively, not found in the Embase.com search. This, however, did not yield any additional studies. A hand search of the references of the primary studies was also conducted, but also did not yield additional studies, as did searches in OST-MED, Medion, and DARE. Finally, a search in PubMed using the specific names of the provocative tests was conducted, which also failed to yield additional studies. Note: a flow chart which depicts the electronic databases used and where the studies were found are available from the primary author Sidney M. Rubinstein upon request.
Study characteristics
Study characteristics are presented in Table 2 . Multiple studies evaluated the following provocative tests: ULTT [42, 63] , Spurling's test [51, 59, 62, 63] , shoulder abduction test [21, 62, 63] , traction/neck distraction [63, 62] , while only a single study was found for the Valsalva's manoeuvre [63] . No studies were identified which examined the axial compression test or shoulder depression test. (Note: for a description of these tests, we refer the reader to Wainner et al. [63] .) Three studies were conducted in the 1980s [21, 42, 62] , while the remaining three studies were published after 2000 [51, 59, 63] . Some studies examined the accuracy of multiple provocative tests of the neck [62, 63] . Two studies performed the index test to both the symptomatic and asymptomatic side, presumably to serve as an internal control [42, 62] , and one of these studies included a control group [42] . The remaining studies used a cross-sectional design. Despite the large cohorts from which subjects were recruited in some studies, the number of diseased subjects was relatively small for all studies (mean = 20, range: 18 [42]-29 [51] ).
All, but one study [62] , recruited subjects with both neck and radicular-type pain. Patients were recruited from neurosurgical and orthopaedic departments in three studies [21, 51, 62] , while in two other studies, subjects were recruited who were referred for electrodiagnostic testing [59, 63] . This might suggest spectrum bias because the severity of the condition is likely to have influenced the decision to see a specialist or to be referred for advanced diagnostic testing. In the remaining study, patients were recruited from a physiatrist practice [42] .
Methodological quality assessment
Results of the methodological quality assessment are presented in Table 3 . No single study used the optimal reference standard, which consists of both EDX testing and advanced imaging. Two studies used EMG testing as the reference standard [59, 63] , three studies used advanced imaging (MRI or myelography) [21, 51, 62] , while one study used plain-film radiography [42] . One study used operative findings as a reference standard in a subset of subjects who failed conservative therapy [51] . Two studies presented neurological exam findings for individual patients, and was incorporated into the reference standard in one study [62] , while in another study it was unclear how the neurological findings were used [21] .
Other forms of bias found in the studies included: disease progression bias (n = 5/6 or 83% of the studies, criterion 4) [21, 42, 51, 59, 62] , spectrum bias (n = 5/6 or 83% of the studies, criterion 1) [21, 51, 59, 62, 63] , review bias (equivalent to blinded assessment for intervention studies) for the reference standard (n = 3/ 6 or 50% of the studies, criterion 9) [21, 42, 59] , review bias for the index test (n = 2/6 or 33% of the studies, criterion 8) [21, 42] , and bias associated with drop-out/ withdrawals (n = 3/6 or 50% of the studies, criterion 12) [42, 59, 62] . In one study, clinicians were inexplicably blinded to relevant historical patient information [62] . Despite these shortcomings to internal validity, all studies generally scored well with external validity (criteria 2, 6, 7). Agreement between assessors Agreement between the two reviewers was high [unweighted k = 0.86 (95% confidence interval 0.76-0.97)], as is also reflected in the low disagreement for all the criteria scored (6/72 = 8% disagreed upon items). Disagreements appeared quite randomly spread among the criteria and were principally due to either reading errors or differences in interpretation. All disagreements were resolved during the consensus meeting, without intervention from an arbiter.
Diagnostic accuracy of the tests
Diagnostic accuracy parameters for the six primary studies are presented in Table 4 . Most striking was the considerable variability between results for the various studies. This was most remarkable for the shoulder abduction test, which reported sensitivities ranging from 0.17 to 0.78 [21, 62, 63] . This was most likely due to the great variability in quality between these three studies, and choice of the reference standard. In general, the four studies which investigated Spurling's test [51, 59, 62, 63 ] demonstrated low to moderate sensitivity and high specificity, as did individual studies for traction/neck distraction [62, 63] , and the Valsalva's manoeuvre [63] . On the other hand, the two studies which investigated the ULTT [42, 63] demonstrated high sensitivity and low specificity, while the three studies for the shoulder abduction test [21, 62, 63] demonstrated low to moderate sensitivity and moderate to high specificity.
The reference standard
Studies that used imaging as the reference standard [21, 42, 51, 62] most probably overestimated sensitivity and underestimated specificity due to its false positive rate, or in other words, overestimated the number of diseased subjects. On the other hand, studies which used EDX testing [59, 63] would have resulted in an underestimation of sensitivity and overestimation of specificity due to its false negative rate, and therefore, underestimated the number of diseased subjects. Thus, while some tests demonstrated high specificity (Spurling's, traction/neck distraction, Valsalva's), and the ULTT demonstrated high sensitivity, no provocative test demonstrated both components. In general, the methodological quality of all studies, with the exclusion of Wainner et al. [63] , was rather meagre. It should also be noted that there was considerable variability across the studies in performance of the tests. This lack of standardization has been noted elsewhere [36] . For example, of the four studies which examined Spurling's test [51, 59, 62, 63] , no two studies performed Spurling's in exactly the same manner.
Reporting of diagnostic accuracy parameters
In two older studies, diagnostic accuracy was either not presented [21] or was unclear [62] . In these studies, neurological exam findings were also presented for individual subjects, so we reconstructed a 2 · 2 table using the diagnostic criteria of Radhakrishanan et al. [43] as the reference standard. This criterion combines symptoms of pain and/or weakness, neurological signs, and either advanced diagnostic test results (i.e. EMG or imaging) or surgical verification, for the determination of cervical radiculopathy. While this diagnostic criteria has obvious limitations, it was thought to be more accurate than using the results of myelography alone [43] . In the remaining studies, the neurological examination for Items were scored as follows: + means adequate methods,-means inadequate methods, and ? means an item was inadequately described and therefore, a decision couldnot be made whether it satisfied the criteria or not a Publications are listed alphabetically by author individual subjects was not presented, so we were not able to compare the reported accuracy parameters to potentially other calculated values using the aforementioned criteria. In another study [51] , we found it necessary to re-calculate sensitivity and specificity because the categorization used by the authors was thought to be incorrect. While the authors considered a soft disc prolapse on MRI a positive finding and therefore, confirmation of a radiculopathy, they considered an osteophyte a negative finding. On further study, however, the root canal diameters (i.e. lateral recess) were found to be significantly smaller on the symptomatic side (in the presence of either a disc prolapse or osteophyte) than the asymptomatic side, while the lateral recess on the asymptomatic side was equal in size in asymptomatic subjects. This would suggest that an osteophyte in this case series, could have equally caused nerve root impingement, and therefore, should have also been considered a positive finding. A recalculation for the Spurling's test based upon the aforementioned information, yielded a sensitivity of 52.9% and specificity of 93.8%, while the combined results of the MRI findings and operative findings yielded a sensitivity of 73%, and specificity of 92.3%. These recalculated sensitivities are much less than those presented by the authors, and we believe, a more accurate assessment (see Table 4 ).
Discussion
We conducted this systematic review in order to determine the diagnostic accuracy of provocative tests for subjects with a suspected cervical radiculopathy. Specifically, we wanted to evaluate the diagnostic value of these tests in the primary care setting, and to determine whether these tests could help the family physician, chiropractor, or manual/physical therapist to confirm their diagnosis, without having to resort to advanced diagnostic testing. Unfortunately, our goal was limited by three major obstacles: (1) only six studies were identified, only one of which evaluated subjects in the primary care setting; (2) no study used an optimal reference standard; and (3) the lack of test standardization (or performance), specifically Spurling's test, made it impossible to compare sensitivity and specificity across studies.
It is remarkable that, despite their wide use in clinical practice, the diagnostic accuracy of these tests have received so little attention. It is all the more interesting that various orthopaedic textbooks list these provocative tests as indicative or suggestive of a cervical radiculopathy [1-3, 13, 16, 56, 64] , while there is so little evidence to support their accuracy. There are inherently two problems with trying to determine the accuracy of these tests for radiculopathy: (1) there are no universally accepted diagnostic criteria, and (2) it is not clear what a positive test actually measures. It is likely that these tests are not simply a measure of compression or traction of the nerve root (or dural sleeve). The problem may also lie with distinguishing nerve root pain from brachial plexus pathology [47] .
Perhaps the most significant methodological consideration we encountered was the choice of reference standard. As noted above, there is no gold standard for the diagnosis of cervical radiculopathy, as clinical radiological, and electrophysiological testing all have inherent limitations [7] . The problem essentially stems from the false positive rate associated with imaging and the false negative rate associated with electrophysiological testing. This is no minor issue, given that the establishment of a gold standard is pivotal to the study of diagnostic accuracy. In the absence of consensus, we determined that the optimal gold standard should combine the findings of MRI with EDX testing. However, no study that we reviewed performed this. Quite clearly, future studies on this topic must somehow resolve this issue. Although some consider the history and physical exam to be sufficient in many cases to make a clinical diagnosis [18, 28] , perhaps the best practical solution to this problem might be to accept the criteria established by Radhakrishnan et al. [43] , which combines the physical examination findings with advanced testing or surgical verification.
Other important methodological problems include spectrum bias. Because the suspicion of a radiculopathy was the reason for referral in all but one article [21, 42, 51, 59, 63] , and hence, the reason for inclusion in the study, subjects in those studies were more likely to have a worse clinical presentation than those presenting in primary care. Patients would have been most likely referred to the neurologist or for EDX testing because of a strong clinical suspicion of a cervical radiculopathy, or the lack of response to conservative care. Subjects are, therefore, more likely to have been accurately classified according to these tests than had subjects also been recruited with pseudo-radicular pain or pain from the brachial plexus or a peripheral nerve. This would have resulted in an overestimation of sensitivity and an underestimation of the specificity. In the remaining study, while radicular-type pain was not necessarily an inclusion criteria, subjects were recruited from a
neurosurgical department referred for cervical myelography, so presumably, these subjects had a worse clinical presentation than the typical patient with spondylosis [62] . Finally, we identified only one study which recruited subjects from the primary care setting [42] . This is quite remarkable because this is the setting in which the test is most likely to be used. This study, however, scored poorly in many of the items of internal validity, and used a completely inadequate reference standard (i.e. plain-film radiography). This means that no study has satisfactorily examined diagnostic accuracy of these tests in primary care.
Conclusions
Provocative tests of the neck for those with a suspected cervical radiculopathy might help to establish the diagnosis, especially in those subjects lacking welldefined neurological deficits. When consistent with the history and other physical findings, a positive Spurling's test, as well as positive findings for traction/ neck distraction, and the Valsalva's manoeuvre might be suggestive of a cervical radiculopathy (i.e. given their high specificity), while a negative ULTT might be used to rule it out (i.e. given its high sensitivity). However, the lack of primary studies investigating the [54] , while part B represents variations that have been reported, such as the addition of rotation, or rotation and extension [61] . For the ULTT, part A was performed as described by Elvey [24] , while part B includes wrist and finger flexion, instead of extension accuracy of these tests, as well as heterogeneity between the various studies, and numerous methodological problems, preclude any strong recommendations for the use of these tests, especially in the primary care setting. Therefore, in absence of other clinical information or corroborating evidence, the value of these tests should be interpreted with caution. Future diagnostic studies should include sufficient diseased subjects, and a composite reference standard, consisting of both advanced imaging and electrodiagnostic testing (or consider the diagnostic criteria of Radhakrishnan et al.), in order to ensure correct classification of cervical radiculopathy.
Key points
• A systematic review was conducted which examined the diagnostic accuracy of five provocative tests of the neck for subjects with cervical radiculopathy.
• Only six studies, with a relatively small number of diseased subjects, met the inclusion criteria. Only one study was considered to have a lower risk of biased results.
• While the Spurling's test, traction/neck distraction, and Valsalva's manoeuvre demonstrated high specificity, and the ULTT demonstrated high sensitivity, no provocative test demonstrated both high sensitivity and high specificity.
• Only one study evaluated these tests in primary care, which is the setting in which these tests are most likely to be used. However, this study was of poor quality.
• More high quality studies are necessary to determine the diagnostic accuracy of these tests for cervical radiculopathy, especially when used in the primary care setting.
shoulder referred from the cervical spine. Note: In some cases it would appear that capital and small letters are randomly listed in the search profile, above. Capital letters are official keywords generated in Embase.com; however, this does not have any consequences for the search because the search engines are not sensitive to letter size. In some cases, words are connected to one another by lines (i.e. ''-'') in order to indicate that the entire phrase should be located, and not just separate terms. Also it is important to note the difference between ''/exp'' and ''/de'': /exp searches for other terms 'coupled' on the given term (i.e. not just the key word listed, but other terms using that key word), while /de searches only the key word used (i.e. the specific keyword). ''Exp'' is an abbreviation for 'explode', while ''de'' means 'descriptor'. c.
Possible confounders, such as gender and age were reported. This item was scored negative if subjects were recruited from the neurologist, orthopaedist, or a electrophysiology laboratory.
2.
Positive if the selection criteria were clear, including for example, the time period of recruitment, whether subjects were consecutively recruited, and age of the subjects. 3.
Positive if both electrodiagnostic testing and advanced imaging (e.g. MRI) were used as the reference standard.
4.
Positive if the delay between the application of the index test and reference standard was not more than 7 days. 5.
Positive if it was clear that all subjects or a random selection of subjects received verification of their disease status, regardless of the index test results. Also known as ''work-up bias''. 6-7. Positive if the study includes sufficient details which permit replication of the index test and reference standard. 8-9. Positive if the results of the index test were interpreted without knowledge of the results of the reference standard, and vice versa. Also known as review bias when clinicians are not ''blinded'' to the results of either the index test or reference standard.
10.
Positive if clinical data (e.g. clinical presentation, symptoms, severity, etc) were also available to the clinician in order to interpret the results of the index test. Since clinical data will also be available to the clinician in the practice, the clinical picture should also be available to clinicians in the study.
11.
Positive if all test results, including uninterpretable/intermediate/equivocal test results were included. This item was scored as a ''?'' in those studies where no equivocal results were reported. 12.
Positive if it is clear what happened to all subjects who entered the study. Results are biased if subjects dropped-out systematically. This item was scored negative when some of the subjects did not receive both the index test and reference standard, and these subjects were not described anywhere in the text.
